Previous experiments showed that nutritionally induced hypercholesteremia in mice caused an increase in susceptibility to coxsackievirus B, with a marked suppression of cellular infiltrates in infected tissues and an increased mortality. The present studies demonstrated that a hypercholesteremic diet was associated with an inhibition in host resistance as measured by susceptibility to Listeria monocytogenes infection and the growth of two transplanted syngeneic murine tumors. Moreover, the ability of Corynebacterium parvum to induce regression of a transplanted methylcholanthrene-induced fibrosarcoma was inhibited in hypercholesteremic hosts, as was the histiocytic infiltration normally accompanying C. parvum inoculation. In contrast, the peritoneal macrophages from C. parvum-treated hypercholesteremic mice were indistinguishable from similarly treated macrophages from normal mice with respect to their in vitro tumoricidal activity and the presence of a cell surface antigen associated with activated macrophages. Hypercholesteremia was also associated with a decreased antibody response to sheep erythrocytes in vivo, but did not appear to exert a detrimental effect on B-or T-cell blastogenesis when tested in vitro. The findings that the hypercholesteremic diet was associated with an impairment in the host immune response and increased susceptibility to viral, bacterial, and tumor cell challenge are discussed with respect to virus-lipid interactions in the pathogenesis of atherogenesis and diabetes mellitus.
Previous experiments showed that nutritionally induced hypercholesteremia in mice caused an increase in susceptibility to coxsackievirus B, with a marked suppression of cellular infiltrates in infected tissues and an increased mortality. The present studies demonstrated that a hypercholesteremic diet was associated with an inhibition in host resistance as measured by susceptibility to Listeria monocytogenes infection and the growth of two transplanted syngeneic murine tumors. Moreover, the ability of Corynebacterium parvum to induce regression of a transplanted methylcholanthrene-induced fibrosarcoma was inhibited in hypercholesteremic hosts, as was the histiocytic infiltration normally accompanying C. parvum inoculation. In contrast, the peritoneal macrophages from C. parvum-treated hypercholesteremic mice were indistinguishable from similarly treated macrophages from normal mice with respect to their in vitro tumoricidal activity and the presence of a cell surface antigen associated with activated macrophages. Hypercholesteremia was also associated with a decreased antibody response to sheep erythrocytes in vivo, but did not appear to exert a detrimental effect on B-or T-cell blastogenesis when tested in vitro. The findings that the hypercholesteremic diet was associated with an impairment in the host immune response and increased susceptibility to viral, bacterial, and tumor cell challenge are discussed with respect to virus-lipid interactions in the pathogenesis of atherogenesis and diabetes mellitus.
Hyperlipemia, particularly hypercholesteremia, has long been recognized as one of the independent risk factors associated with atherosclerosis (35, 39) as well as being a complication of diabetes mellitus (5, 27, 28) . Previous studies demonstrated that a hypercholesteremic (HCHOL) diet significantly augmented the susceptibility of outbred mice to coxsackievirus B infection and induced a more severe and divergent pathology than observed in coxsackievirus B-infected normal mice (6, 31) . Histopathological examination of tissue sections from these animals revealed that the marked inflammatory infiltrate which normally occurred in coxsackievirus infection was conspicuously absent in HCHOL mice, suggesting a diet-mediated immunological impairment (31) . Observation that resistance to coxsackievirus B3 is dependent on the function of the reticuloendothelial system (42, 43) , whereas lipids may act as modulators of this system's function, are consistent with these findings (8, 12) .
Dietary fats have been shown to increase the incidence of 7,12-dimethyl-benz-a-anthracene- (21) or diethylstilbesterol-induced (13) mammary tumors as well as increasing the number of eye, ear duct, and liver tumors in animals fed high-fat diets and treated with 2-acetylaminofluorene (14) . Although the mechanism(s) by which high-fat diets promote tumor growth is unknown, suppression of the immune system may be in part related to this effect. (33) . After fixation, all tissues were washed overnight in gently running water. The feet were decalcified for 12 h by the formic acid-sodium citrate method before embedding. Tissue sections from paraffin-embedded samples were prepared at 5-,um thickness, stained with Harris hematoxylin and eosin, and then examined and photographed with a Wild M20 microscope. Kodak Panatomic-X film, ASA 32, and a Wratten 11 filter were used to optimize soft photographic contrast.
RESULTS
Plasma total cholesterol levels after 7 months on the diet were approximately 346 + 60 mg/100 ml as compared with 119 6 mg/100 ml in male C57BL/6J mice fed the control diet. These values are in agreement with our previous observation (6) , and no significant elevation in either plasma-free fatty acids or triglyceride levels was observed.
Effect of hypercholesteremia on susceptibility to L monocytogenes. Our previous experiments indicated that an HCHOL diet diluted with 25% lab chow increased the susceptibility of inbred C57BL/6 mice to both the shortterm lethal effects and long-term pathogenic effects of coxsackievirus B5 (6). Therefore, it was important to determine whether the effects of an HCHOL diet were unique to this virus or if an HCHOL diet induced a general change in host resistance to viral, bacterial, and tumor growth. Consequently, mice were injected with L. monocytogenes to determine if susceptibility to a bacterial agent was increased in the HCHOL host. Groups of 10 mice each, fed either an HCHOL diet or a control diet, were inoculated with 6.4 X 103 to 6.4 x 107 CFU of L. monocytogenes at log intervals. The LD50 was reduced from 1.5 x 107 CFU in normal mice to 3.7 x 105 CFU in HCHOL mice, a greater than 40-fold increase in susceptibility ( Table 2) .
Effect of HCHOL on growth of transplanted tumors. A third parameter of host resistance in addition to viral and bacterial resistance is tumor growth. To elucidate further the resistance of mice on an HCHOL diet versus mice on the control diet, we determined the capacity of mice to resist the growth of two syngeneic tumors. A preliminary experiment compared the MST of control, chow-fed mice with that of HCHOL mice after inoculation with either LLC or MCA 2182. In both cases, survival times were significantly reduced in the HCHOL mice compared with chow-fed controls (Table  3) . Similarly, the tumor growth rate was increased in the HCHOL mice compared with chow-fed controls (data not presented).
Previous investigators have implicated the macrophage as an effector cell in C. parvuminduced tumor regression as well as suggesting that cholesterol could modulate the cytotoxic effect of macrophages toward tumor cells (18) . (Fig. 1A) . At days 12 and 16, foci of PMN were present within the tumor mass (Fig. 1B) and were usually associated with regions of necrosis. Additionally, numerous histiocytes were present in localized regions of the tumor mass (Fig. 1B) . The latter cells had large euchromatic nuclei that were usually oval in form and had a thin peripheral ring of heterochromatin and frequent nucleoli. The histopathological picture seen in tumorbearing HCHOL mice treated with C. parvum varied substantially from that seen in the normal group. At days 12 and 16, moderate numbers of leukocytes, principally lymphocytes, were present in the paratumor connective tissue (Fig. 10) . The tumor mass was a very densely packed population of sarcoma cells with numerous mitotic figures (Fig. iD) . In contrast to the pronounced inflammatory infiltrate and necrosis in normal tumor-bearing mice treated with C. parvum, the HCHOL tumor-bearing mice had no foci of necrosis and essentially no leukocytes were present within the tumors. Only a few PMN were present, particularly at days 8 The membrane antigen specifically associated with C. parvum-activated macrophages could be detected on macrophages from both normal and HCHOL mice after i.p. inoculation of C. parvum (Table 5 ). In contrast, control PEC from HCHOL or normal mice were fluorescent only when stained with macrophage-specific antisera and not with antisera specific for activated macrophages. The percentage of control PEC that stained was equivalent to background staining established by using normal (nonimmune) rabbit serum. The activation-specific antigen was not found on nonactivated PEC from saline-injected mice. By this criterion, macrophages of HCHOL mice could be activated by injection of C. parvum.
PEC from normal and HCHOL mice treated i.p. with C. parvum were found to be equally Woodruff and Kilbourne (48) reported that severe undernutrition in the form of marasmus resulted in a 60% reduction in body weight and a drastic increase in susceptibility to coxsackievirus B3. However, graded undernutrition, which reduced body weight by only 34%, did not cause such an effect. Restoration of marasmic mice to normal food intake on the day of virus challenge resulted in no deaths 6 days later and the loss of virus susceptibility.
The lower body weights of the animals on the HCHOL diet was not the result of a caloric restriction or less intake but the result of an imbalance of nutrients due to overnutrition. Even though the weight reduction of the HCHOL mice was less marked than that of the animals on the graded undernutrition, susceptibility to coxsackievirus B5 was significantly increased.
Finally, increased susceptibility to coxsackievirus B5 has recently been detected in HCHOL animals with normal body weights (A. E. Campbell, R. M. Loria, G. E. Madge, and A. M. Kaplan, unpublished data). These results are also in good agreement with the observations of Fiser et al. (16) which showed that monkeys fed a high-fat, high-cholesterol diet had impaired development of precipitating antibodies to ovalbumin-enhanced susceptibility to tuberculin antigen and an increased rate of clearance of colloidal carbon from blood. These observations strongly suggest that the data presented in this communication are not due to the lack of sufficient nutrition in the HCHOL mice but rather related to the lipid abnormalities induced by the diet.
Hypercholesteremia resulted in a decreased Further evaluation of macrophage activities supported the suggestion that macrophages were involved in diet-mediated impairment of the immune response. C. parvum has been shown to induce resistance to the growth of transplanted tumors by activating macrophages to tumoricidal capacity (25) . C. parvum was unable to induce tumor regression in HCHOL mice at a tumor cell dose which resulted in tumor regression in 50% of the normal mice treated with C. parvum. At a higher dose of 2 x 105 tumor cells, no regression was observed in either group of animals, though a significant prolongation of survival was observed in normal but not HCHOL mice.
The ineffectiveness of C. parvum in inducing tumor resistance in HCHOL mice was not due to a lack of macrophage activation. A membrane antigen associated with C. parvum-activated macrophages was detected on the surface of PEC from both normal and HCHOL mice that had received C. parvum. Furthermore, C. parvum-activated PEC from HCHOL mice were found to be as effective as those from normal mice in their ability to kill tumor cells in vitro. Histopathology demonstrated that the HCHOL animals suffered an impairment in the number of inflammatory cells at the tumor site after C. parvum treatment. Even though some leukocytes, primarily lymphocytes, and some histiocytes, but essentially no PMN, were present in the dermis above the tumor, the migration of leukocytes into the tumor mass was severely inhibited. In contrast, a significant inflammatory response consisting principally of histiocytes occurred in the normal tumor-bearing animals that were treated with C. parvum. This picture was similar to that previously reported for animals bearing LLC that were given pyran copolymer (45) . This inability of i.l. C. parvum to effectively focus macrophages in the tumor may have been due to either an impaired chemotactic response in the macrophages or an impairment in the afferent or efferent ability of lymphocytes to produce chemotactic factors.
The findings that an HCHOL diet associated impairment in host immune response was associated with an increased susceptibility to viral, bacterial, and tumor cell challenge are of particular relevance to studies of atherogenesis and diabetes mellitus. The results are consistent with the hypothesis that group B coxsackieviruses, which have been reported to replicate, localize, and persist in the arterial blood vessel (6), could induce in the HCHOL host an aberrant immunological response, resulting in further vascular injury and atherosclerosis (6, 17, 20, 37) . Similarly, impairment of the host immune response would also favor the establishment and propagation of monoclonal cells according to Benditt's hypothesis on atherosclerosis (3, 4) .
The diabetic host has been known for its increased susceptibility to pyogenic bacterial infections (7, 44, 46, 49) and its predisposition to hypercholesteremia which, independently, may influence the pathogenicity of pyogenic bacteria (11) . Furthermore, an increase in susceptibility to viral infection and autoimmune mechanisms have also been implicated as etiological factors in diabetes mellitus (38, 47) . Additional studies are currently underway to analyze the effects of hyperlipidemia on the individual cell subpopulations involved in various parameters of host resistance as they relate to the present findings as well as to their potential immunopathogenic role.
